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E. B. Hughes, ,1. R, Rolfe, s. L. Wilson, and H. D. Zeman
W. W. Hnnsen High Energv Physics Laboratory
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Stanford, California 94305

Summarv

A data-acquis+cion ●vntem 1A being developed for a
large-scale ●xperiment at lA?fPF. It will make uae of
four rnicroproceasorn running in parallel to ●cquire and
preprocean data from 432 photomultiplier tubee (MT)
●ttached to 396 NaI crystals. The mlcroprocaaaore are
1S1-11/23s operating throuirh CAMACAuxiliary Crate Con-
trollers (ACC). Data ●cquired by the microprocessors
will be coliected through a prosranmable Branch Driver
(>~~) ~hi~h ajao ~il] rtad data from 52 ●cintillat~rn
(88 PMTR) and 728 wires comprising ● drift chamber.
The !4BDwill tranefer data from ●ach ●vent into a
PDP-11/4A for further proceaaing ●nd taping. The micr+
proceaaora will perform the secondary function of moni-
toring the calibratiorvc+f the NaI PMTs, A special
trigger circuit ●llows the -ystem to stack data from a
second went while the first is still bcinu processed.
Molor component~ of the avatern were tested in April
1981, TiminC m~aaurements from this test ● re reported.

Introductiwi

A major ●xperiment is being meunted at the Clinton
P. Anderson !4eaon Phvsica Facili;v (LA!!F) to investl-
Rate ●xtremelv rare processes in particle Dhvsica.l*:
The experimental ●pp~ratua i- aho~ in Fig; 1.

DRIFT CtIAM9ER

tO CRYSTALSDEEP
9 CRYSTALS ACROS~

*’””- ““~M MOOOSCOH COUNTERS

Fit. 1. Cetwptual drawing of tho CryMal Bert dotoctor
to b- usml to march for oovoral rara decay
modoa of tho muon,

It conaims of a large solid-angle modular sodium iodide
detector aurroundlnft ● wire chamber ●nd trigfier hodo-
scope. The so-called Crystal BOX $uill be umed to search
for leptcn flavor-changjng decays of th+ poaitivc muon
to ●%, ●w, ●nd ●+e+e-” with a sensitivity co branch-
ing ratloa in the rmgt of 10-”. Thie paper descrjbea
the data-acquisition ●vatem being ●esembled and tested
to support the experimental profjram.

Datz Rate

The data-acquisition ●vatem for any Riven experi-
ment can be characterized by the data rate--the product
of the ●vent rate and the number of algnals per event.
For the Crvatal Box ●xperiment, the event rate la baaed
on the need to ●amftle 2 x 1012 muon decaya. This total
number can be achieved by balancing the runninp time of
the ●xpurirsant ●gainat the ●verage muon stopping rate.
While running ●t the highest poaaible munn ●toppln

!rate leads to the ahorteat ●xperiment, an ●nalysia of
the raw tri~ger rates from the three .vpes of ●vent~
under ●tudv showed that ● numbtir of conaiderationa lead
to ● optimum muon stopping rateef S x 10s L/a.** This
rate yields ● raw trigger rate of ●bout 240 Hz. The
cnrrtisponding data-taking time for the ●xperiment is
1000 hours.

The ●iSnal list for the Crystal Box contains nearlv
2000 *i@nala, 90% of which are ●nalog In oripin, Each
●vent generatea pulse ●mplitude and time infonaation
from 432 sodium iodide channals, pulse ●mplitude ●nd
time information .rotn 88 scintillator channala, time
information from 728 drift chamber wires, ●nd ●aaorted
latch bits ●nd status words. Thus, a ●in$le ●vant
could prndu~e about 1800 16-bit words of data, Addi-
tional infortaation io ●vailablt from 120 scaler chan-
nula, 16 tmporaturo channela, ●nd 20 masneta in the
●econdarv beam line. This latter information will be
recordad on ● time scale weaattred in minutes or longer.

Attenuated Data Rate

Given the predicted ovont rate of 240 Ha ●nd the

?
uicnal Iiat of 18 0 words/ovont, the r~w data rate la
aoan to be b x 10 wordafs. This ●verage rata la ~n
order of magnitude Srmttr than the recordinrn rtt~ of
aodaratoly priced ma~notlc tap. drlvoo, the traditional
mdium for rccordins cxporimentsl duta, Mtwtwor, dur.
ins th~ 1000 hours of runnins time (4 x 10’ a), the
oxpmiment would accumulate 90,000 tapos,t ExPeriWKe

300-700 IJB Sivins a duty factor of 6-9%. ThQ time
barwoon puloas 10 mbout tmo.

A 2400-ft rool of tape roeordad ●t 1600 bpi and block-
●d in 2000-Wrd record to BIVO m packing fraction of

!77% will hold 1,0 x 10 Ikbit words,
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“’~rau previous experiments at LAMPF has shown that 500
tignetic taPes is a reasonable limit on the amount of
dmta that can be anslyzed with the res~urce.s and man-
power available. Thus, some combination of hardware
●nd software preprocessing is required to attenuate
the average raw event rate by a factor of 200 or better.

The first factor of 10 1S obtained from a fast
trigger processor. This trigger hardware imposes voter
coincidence 10giL, stringent timing criteria, and a
non-adjacency requirement on the trigger scintillators.
Sophisticated geometric requirement are imposed by
PROM-based matrix logic. Energy and vector momentum
cuts ar~ applied by a hardwired procemsor using LSI
flash ADCS and digital arlthme:ic logic. The rrsulting
system is described elsewhere.

Another factor of 4 is obtained by data compaction.
Of the 1800 words of data generated by each event,
about ’75% of them will have the value “zero” reflect-
ing the fact that the channels are empty, In the drift
chamber, for exnmple, a consideration of the kinematics
indicates that an average of about 70 non-zero eignals
will be ganerated for each ●vent. To take advantage of
this fact, a search was instigated for a CAU4C-based
system to perform a sparse data scan cm the dVift
chamber wirea. The LRS-4290 system from LeCrcy ●ppear-
●d to meet our requirement and on the basis of pre-
liminary tests of a prototype made], we purchased a
system,

In the caae of th? sodium iodide crystals, calcu-
lations and pr~liminary tests indtcate that only about
160 crystals will be hit , yielding 100 words of pulse
●mplitude data and the corresponding 1.00 words of time
data. Thus, some form of eparse data ecan could be
used to compress the cryetal data. The ●xact implemen-
tation of ● echeme waa left to the eyatam deaignrra.

When the volume c.f compress~d data from, the crya-
tala (200 words) and drift chamber (7O words) was ●dded
to the 160 words of pulse height ●nd time information
from the scintillators, the ●mount of data ~er ●vent
totalled 430 words. Various status, tag, ●nd other
identifying information pushed thie total to ●bout 450
wordm/event, down a factor of 4 from the initial 1800
wordt/event.

3e*i*n Crileri~

Tbe precedinfi discus~ion of data ratee and volume
of data led to a eet of Beneral criteria on the deeign
of the data-acquisition eyetcm,

1) The eyatem tsust have capebilitiee to acquire, pre-
proctse, histo~ram, record, dieplcy, and anelysc the
dete,

2) The system mu-t provld~ for monitoring ●nd ●xer-
cisins tho apparetue ●nd for dia@nonirlt feults in it,

3) Th. syttwamuet reduce the rqcordod ●vent rete by
mothor factor of 5, preferably 10 (1C x 4 x 5 ● 200),

4) Finally, tho #yot@m must perform ● eperse data
scan on tho cryetal data,

@!IIt Considoratiorm

SOcmm the final dosi~n of a mystomis oftitn of
10DB intoromt than the reoaorls for tha desifi, ● mejor
portion of thie psper is dwotad to ● roviow of the
aonaidarmtions which lad to our dtsisn,

Syscens Approach

An experiment with the number and diversity of
si@nals of the Crystal BOX requires a systems approach
to the design of the data-acquisition system. The SUb

systems which acquire data from the malor parts of the
experimer,t--cryatals, drift chamber, and srinti] lstors--
munt be integrated and synchronized into a systcm which
moves the data smoothly from the apparatus tn a mag-
netic tape. If any subsystem fails to work in concert
with all the others, then the system as a whole will
stall.

Boundary Conditions

From a svatems point of view, the design for the
Crystal Box data-acquisition avstem started with a sig-
nificant boundary condition, n8mely, th: :x?stenre of a
LAMPF standard data-acquisition system $-S 17 w}.II!.
has been developed over the paat 11 vears. Since the
standard system was designed to aatisfv criteria 1) and
2) above, there was a significant motivation to adopt
it for the Crystal Box ●xperiment. By fitting our spe-
cial requirements within the framework of :he standnrd,
we could minimize the amount of ●ffort, ●specially pro-
granuning, that would be required to get the ●xperiment
on the air and to support It durinK the course of twn
or more years of running.

Accepting the LAMPF standard meant that the corpu-
ter would be a PDP-ll; the readout svstem would bc
CAMAC-baued, and the branch driver would be a Bi Ra
?4icroprogramuned Branch Driver (!4SD).~’* The prosra?-
min nvatem system had to be compatible with PreBrar
~,l!,l’l

● general-purpose data-acquisition ●nd analvnis
program which provides most of the functionality needed
to support ●n ●xperiment. Implicit in th- ●cceptance
of Program Q was the use of the lWX-llD operatinz nYn-
tem becauae many features of the Q program modules were
optimizad to run under RSX-IID. (Q is beinR ccmvertcd::
to run under RSX-llM; consequently, much of the pro-
granmlng for the Crvatal Box la beinR done with the idea
of converting to RSX-llM befort the ●xperiment is com-
pleted.)

The configuration for the PDP-11 eyotem in given
in Ttble I. With three ●xceptions, it la the defmcto
LAMPF standard configuration. These exceptions ere:
1) ● larsr volume disk juetifiad by the volume of the
prograasain8 ●yetom ●nd the hietogram arraya, 2) ● otr-
ond display scope warranted by the variety and number
of graphic dieplays of the Crystal Box, ●nd 3)a DECSET
link to facilitat~ on-line data storage, enalvsic, and
prosram development. The PDP-11/44 was apecificd to
provide tho required performance ●nd to ●now for more
than 128K words of memory. This computer is ccheduled
for deXivery in the Fall of 1981.

TABLE I

COfIIPllTERCONFIGUMTION FOR THE CRYSTAL BOX EXPERIFtF.ST

1*
1,
3.
4,
5,
60
7,
8*

9*
10.
11.
12.

PDP-11 CPU with ●ll optione required by RSX-lID
128K words of memory
Floatin~ point unit
Aoal-tima calandar clock
DE(Writ.r
TwoltX05dimkm and controller
Lsrgo-volumo disk (20M bytee) ●nd controller
TWo i600-bpi, 9-track, DEC-coapatiblc tape drivts
and controller
TWOTektronix 4010 #raphic display ecopea
Printer/Plotter, 300 lpm
DECNET link to VAX
~D tnd HP Trl~~er 140dul@
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TimSnu Teatn

The adoption of the 2M!PF standard system ●atia-
fied design criteria 1) and 2) and brought us to a con-
sideration of 3)--the requirement to reduce the record-
ed event rate bv a factor of 5 or better. This reduc-
tion will be achieved by applying a series of cuts to

e raw data. It was tempting to off-load theee calru-
lationa to the ~t), the first place where all of the
data fa available. However, the proposed cuts made
extensive uae of floating point operations and the MBD
does not ●ven have a hardware multiply/divide inatruc-
tirm. Hence, this load had to b~ aaaigned to the
?ilP-1 1.

To understand the implication of this load, a
representative cut called the z-axia geometry cut was
programmed and ●xecuted on several differant models of
the PDP-11. When the meaaured w;ecution time was mul-
tiplied by a suitable factor to ●ccount far a total of
five cuts #ich aach event being proceaaed through half
of them, IL was learned that at an rvan rate of 10-20/a,
the time-cricical processing would occupy 15-30% of a
PDP-11/45 CP~. If the load ●xceeds this figure, then
there vill not be enough CP~ capacity left to handle the
myriad of non-time-critical hut ●aaential taaka such ●a
displays, detailed annlyses, hiatogramming, diagrmatica,
monitoring, software development, etc.

Two conclusicma were derived from this timing
test.: 1) The PDP-11 could perform the cuts te ●atiafy
criteria 3), but a PDP-11/4~ CPU or better was needed
to handle the load. Cache memory was recommended aa ●

cost-effective way to improve the performance of the
CPU by 25-40”, for ● marRin of safety. 2) A sinRle CPU
could not perform both the cute and the sparse data
scan ●ven if ● PDP-11/70 mainframe were aaaumed,

Spnrge Data Scan

The NBDwas considered h~ ● device to ●ccomplish
the sparse data scan and thereby ●atiafy critaria 4),
However, timing estimates ahovad that while the ~D
could collect the 450 words of compressed data in times
less than the 8 ma batween ham pulses, it could not,
in addition, read out ●ll of the crystal data and per-
ferm the sparse data scan, Thla conclusion ●u8goated
that ●dditional psrallel intelllgenca was naoded beyond
the tOI+the parallelism for ?~aed ●nd tha lnttlli8enca
for tha mparsa data scan,

Choice of Intolligun~

Since WC was tha LAMPF standard for interfacing,
the only louical choic~ for diorributin~ lntalli~ance
war tha Auxiliary Crate Controller (ACC). Similarly,
-inc. tho LAWF standard computer vao ● PDP-11, th~
natural choico for local intolllRence wat tho LSI-11
bectuac of tha ●xtansiva facilitioa availabl~ for pro-
gram dwclopment, Tht functions which this hardwara
had to p@rform and which dictated tha finml ooloction
of coamrcial ●quipment are limtod balow,

1) Block Tranufcrt Blocko of worda havo to b. trana-
farrod from tka PDP-11 via tho }~D to the LSI-11 and
vico versa, ?ro~rams and tsbl~t of thrcaholds hav~ to
b. downloaded into th~ LSI-111 crystal data which mr-
vivcd tha cparaa dcta scan havo to be tranafmred to tha
PDP-11 ,

?) Control Wtctiormt The intolllsont doviee ham to
bt abla to a.t/read bits in a ro~iator itI ● propar
CN4AC module which th~ ~D can alao rosd cnd writ~ via
FCNA comandm, This capability 1s ~aquirod for tho MD
mnd LSI-11 to comtnlcatc and aynchroni~. thir ●ctions,

●

The control funrtions are available in several
ACCa produced conznercially. The block transfer ca a-

!bilitv via the DNA chanrwl waa developed at LAMPF1 and
waa available commercially from onlv one comFany at the
time. Thus, the modules chosen were 3 Bi Ro 1150 Con-
trol Port (ACC) and a Bi Ra 1151 Dataway Access Port
for the DMAblock transfcra.

The choice of a CPU waa betveen the mod.] /02 and
/23 of the DKC LSI-11. TiminS atudien baaed on the
quoted instruction times for the 11/02 Indicated hata
factor of 2-3 ●nhancement in apeed was needed to satis-
fy the timing conatrainta diacuased later. Thus, the
LSI-11/23 was ●pecifiad.

Selecting the Bi Ra 1150 ACC left an optlnn for
choosing the packaging of the LSI. The CPU could be
inaertad in ● CAMACmodule ●nd located in the crate nr
it could realde in a meparate rack-mounted chaa~is.
The coata of either approarh were comparable, but an
●nuineerinn choice waa made In favor of the sevaratr
ch;aaia to-save slot apace in the
open a wider range of suppliers.

Crystal Readout

The r~adout of tha data from
●n integrate-and-hold circuit for
●nd a time-to-amplituda convertar

CAHACcrate and to

the crvstals involves
the pulse ●mplitudo
circuit for the time

Information in ●ach cryatsl. These ●nalog signals ●rc
multiplexed under computer cofltrol to ● precision ADC
(Tracer Northern TN-1213) which digitixen the signala,
Tha digitlzad result ia raad into the LSI. When all of
the ●ignala have been read, the LSI performs the spars~
data scan, taR# ●ach data word with n crvotal ID code,
and then ●ignala the ?IBD thrnt the data are ready for
tranafer, The control of the multiplexing ●nd digiti-
zation could hava been implemented throu;h CAMACor
directly through ● parallel interface in the MI. The
latter waa chosen to minimize the load on tho Dataway,

The interface to tha ADC wae deoianad for promram-
mlna simplicity ●nd apead. The LSI iaauaa a “MOVADC
word to Memorv.tl The interface holds on to the Q-Bus
until the digitization ia completa and than tran~fers
the word to memory, Title &chetoe ●voide interru?tn or
busy flagm to signal that tho di8itlsation is complete
and ia feaaible because th~ LSI la purpose-d~dicated
durinu the data-acquiaiiion phaae.

Final Configuration

The final ayetom conflsuration is shown in Fig, 2,
While only one-fourth of the ●quiptnant lB pictured,
there is, in fact, a.! intell’.Ront multiplexer for ●ach
quadrant of the Crystal Box. The roaaon for parallel-
ism and the justification for tho eddad ●quipment W*R
●n ●xacution timo ●etimato that indicated the readout,
dluitication, ●nd procesminu would twke 3-5 me/qu6drant,
Since w. ●re tryinc to road out ●ll quadrants in thr
8 m- between bmm pulsaa, tho ptrsllul~sm waa mandatnrv.
The readout fror tha ACC to tha MID la *xpected to take
●bout 1 mu/quadrant,

St#billsation—.

Th@ ●xletence of the lnt~lli~ont multlplexera pro-
vided -n ●aay way te monitor and compenaata for drlfta
in the eloctronlcc which mffoct the attarnv calibration
through the photomultiplior tubo (Pn) Cains, The pro-
coac of otabtltcation cane for ● pariodit comparins of
tho ●lngles spectrum for each crystal with th~ corr@-
oponding rtifaronco opectrum collectad ●nd recorded at
the time tha PM2 Rain Ma- calibrttad, From thla com-
parison, the chan~e in Bain can be caiculatod and fold-
●d back into tho threoholde to cotapeneata for mtty drift,
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The stabilization spectra for the gains and
pcdestala will be accumulated as histograms of singles
●vente. A separate stabilization trigger is provided
to diatinguiah a singles event from a rare decay trig-
Ser.* Preference is given to the latter by restricting
acceptance of a singles event to the last 5% of those
pulaea durin8 which no rare decay occurred and no pro-
ceaaing of dsta from a previous rare decay is in progress.

The memory capacity reql’”1 r the histograms is
non-trivial. The gain apec( r~quire 512 bins (words)
each and the pedestals take nether 64 bins each, For
108 cryetals per quadrant, these figures lead to a
total of 60K words of histogram storage in each LSI-11.

.
Timing studios indicate that the LSI can acquire

am histogram the stabilization data in lers than the
8 ma between beam pulses. Such would not be the situa-
tion unlesn we had cute LSI per quadrant. When the spec-
tra have ●nough counts, the data-taking will be turned
off and the histogram will be read into the PEP-11.
After th~ gaina have been calculated, the new referenre
spectra stored, and the gain changes downloaded into
●ach LSI, the system will be ready again to acquire
data,

Dead Time

One final facet of the design warranta corrmrent.
Because of the length @f the experiment, dead time in
the ●pparatus had to be kept to a minimum. When the
times for /collecting all of the data from ● single ●vent
were added up, it waa determined t}]at the data readout
would take longer than the El ms betwaen pulses.

The consequences of this possibility were atudicd
In a Mont* Carlo calculation which modeled the arrival
of ●venta vs. the ime it took to dispose of them, When
there was no buffering, it., the oyatem was dead until
the last cvant war fully proceaaed, the dead time was
found tr ha in the range of 13-23% for ●n ●verage ●rri-
val rate of 18/u ●nd ● diapoaal time of 9-24 ma, This
loss of be~m time waa judged ●xceaaive.

When a level of buffering was ●dded, i,e,, the
●quipmant could ●cquir? ●nd hold the data from a 8ecrmd
●vent whilt data from the first were still b~ing pro-
ctaaad, the daad time dropped ●n order of magnitude to,
for txamplc, leaa thaei 1% for 18/a when 16 ma wero re-
quired to dispose of the data. This finding led ua to
dwt4,aa a tritger logic that made it poaaible to capture
tha data from two, but not neceasarlly three, conaecu-
tlva pulses.

~vetem Operation

In lata April 1981 ● t~at syatetnwaa ronfiaured
to mock up the atejor ●apacta of tho final syatcm. only
one quadrant was inatrument~d (actually only 49cryatala)
bocauae the fttll contplemmt of cryotala has not been
dolivored, Similarly, the drift chamber waa not ●vail-
d!le and that part of the ●xperiment had to be simulct-
●d, FiDure 3 bhowa the oocential ●lomenta of tho teat
system whose operation is described below,

The operation of the syatwv be~ino in s quioacont
otatowith no dcta to b. collacted ●nd no prococaittg in
protreso. In that state, the “Crystal Deta-Acquialtion
SystoaReady” Sisnal will be True, If, h addition,
tha %omputor Ready” it True (slRnifyins that ●ll pro-
Sran load@, lnitlalixation, ●nd toating ●aa ●ucceoa-
fully complotcd) and th~ ‘Y)perator Ready” .@ True

~. WtPrWlOn “rMO dotty” 1s tioed in tho rest of tho
pdpw to9aan an wont which it pcmantlslly ● rare
40QCY, 1.o., otwuhich hat pass~d ●il th~ tett~ to thla
point ● oi~aliod by ● Maatcr TrlBt@r,

(indicating that the experimenter has verified that the
equipment is ready to run), then the data-acquisition
system is enabled to take data.

Two types of triggers are recognized--a rare decay
trigger aignalled by the Maater TriRger and a stabiliza-
tion triRger aignalled separately. When a Master Trig-
ger occurs during the first 95% of the beam pulse, an
Event Trigger is generated. It causes the ADCS andTDCs
to caPture the SCinti]lat@r data, starts the LRS-A299 on
ita cycle of digjtizin8, aparae data scan, and acquia~-

tion, and initiatea the acqulaition of data in the LST.
The Event Trigger a]ao goes to the LAMPF Trigger Module
where it performs two functions, First, it gercrates a
Busy aiRnal on Q-Event 9, thereby disabling the triRRer
logic from taking further events, Second, it initiates
execution in priority order of certain proRrams residing
in the MBI). In this example, the proRram for O-Event 10
runs firet to collect the acinti]]a:or data. At tk.e end
of this proRram, the acintillator ADCa and TDCS arc re-
enabled for the next ●vent.

Following Q-Event 10, the program for Q-Event 9
goes into ●xecution. It tests the LRS-4299 to detet~ine
if that module has completed the fiompaction of the drift
chamber data, Men the data ●re ready, Q-Event 9 reads
it into the MBD. At the conclusion of the acquisition

process, the drift chamber system la reenabled for the
next pulse, The last action Q-Event 9 takes is to trig-
ger Q-Evunta 12 and 11 internally under progr control,

As soon as Q-Event 9 terminates, the signal “Event
9 Busy” gooa Falae and ●nablea one leg of the associated
AND gate. The second leg sf the gate ia ●nabl~d when
the LSI aignala that the crystal data have been read by
setting the “Crystal Data Collected” flap bit in a
binary outpJt register that generatea a NIM signal, ●.g.,
● Jorvay-41 module, The AND of the two signals reenables
the ●cquisition ayatem for the next event ●van though all
of the data from the first event have not vet been
collectad into tha MBD.

At the time the Q-l;vent 12 program Roes intc execu-
tion, the crvatal data from thr went prohtbly have not
been proceaatd in the LSI. The MBD taa:a a bi; in the
binary output module (or in the LSI itself) until the
bit la mat True to indicate the data have been processed,
The WD reada the data into ita memory ●nd reneta the
flaft to ai8nify to the LSI that the data havr been re-
trieved. Aa aoan aa Q-E\mnt 12 1s finiahod, Q-Event 11
dumps tha ~Dbuffcr containing all the data for the
phveical event inte the PDP-11 for further preces~ing,

At the end of this cycle (Q-Eventn 10, 9, 12, and
11), the ayatem ia ●gain quicacent providod no went
occurred durinR the succeeding pulse, If, on tht other
hand, ● second rara decay was triggered while the LSI
wao atlil proctsetng the first, the MI would interrupt
ite procoaaing, ●cquire the data for the acccvtd ●v?rtt,
●nd then return to processing tho first ont, During
this time, Q-Event 12 would bc waitlnR for the proceaaed
data from the first ●vent, Sine@ it hae a higher prior-
ity than Q-Evente lU ●nd 9. the ●cquisition svstom will
not be reensblad until the flrat ●vent is read into th~
~D. This ie true bocaua~ +Bvont 9 which waa trig~ered
by th~ second went went into a Busy atat~ which witklds
the ●nabl~ from tho syatom. Thv!, the system can ●cquire
data from two, but not neceaoarily three, conaccutive
pulaee, At ●n @v@rag@ event rate of 10-20/0, the proba-
bility of ● Maater Trig~ar or,currins in three conaerutivo
puls~a io ●cceptably low ●o that th~ dead tim~ la nrgli-
@bly men,

The final operation of the eyatem is otabiliaatlon, If
a rare decay doea not occur in the fir8t 95% Of the
pui~~, then ths Event TrlBBor la disabled and ● etabili-
tation tritaor la enabled unl~ta the LSI is ●till



l-lL91Wtt
emumam? MbWmcnca

Wll WeD MMonv

““’?’”’t-r+ -.’”’t “~”’t
. T v v

‘cc M c Acc ‘CC &t

&!’’L*a:~,A
CRA?t 1 I

Fig. 2, Srhcmatic rcprtsentaticm of the Crystal Box data-acquisition systcm. Signal- from tho sodium iodide
crystcls in ●ach quadrant ●re ●cquired through the Intelligent multiploxers, Data fror -:her portjons
Lf tile●xperiment ●r* ●cquired through the CAM4CBranch Highway, The MBD combines all portions of the
da:a for tranmfyr to the PDP-11/4tI.

rEET~ -------

Hiln
we

the teat system which implumontcd the important aspoctc of tho propooad ayctom. Th~
mynchroniaas the opor~tlon of th~ syotom. Tha lo~ic .xt.rna! to tho WC crate
rapturo data from ● oocond .v@nt whil~ ths first iD ~till bins proc~ct~d,
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processing data from the previous decay as signalled by
● bit set in the binary output module. It is required
that a stabilization event be acquired and histogrammed
in leas than the 8 ms Letveen beam pulses.

The extension from one quadrant pictured here to
four quadranta la simply to replace Q-Event 12 with a
sequence of Q-Events 15, 14, 13, and 12, each readiniz
data from a separate LSI.

~rogrammifig System

The programming system in the PDP-11 la an integral
part of the data-acquisition systcm it supports, The
flew of data within the PDP-11 is ehown in Fig. 4.

“1

ELIII*

Fig. L. Schmatic raprescntation of the programming
oystem for the PDP-llt Ev@nt data km paaaod
from th~ ?fBD to the Analyx@r for procteaint,
hiatoaramming, ●nd taping. Sacondary procoso-
Itts 10 handled by programa in the bottom right
quadranti They obtain ●vant dsta via the Mta
!4Ma-tr, Tha CC Mtdlar 1s us~d fot’ control
and acquisition of date other than ●vmt data.

Tha oo-called Dump Want, 11, caucac tho data in tho MID
to bo transforrad to tho PDP-11 vja ● DMA trcnsfor~
This block of dsta COQS into ona of thrao buffars within
th~ PDP-11. At th~ sppropriato time, ● modula of the Q
program cllltd QA distri~,utaa the data for onc physical
Qv@nt to the Analys@r, a PDP”ll pro~ram running at s
modcrstaly hiBh priority ltvtl. As ● firat stap, tho
Analysor performs certain vtlidity chacka on tho data
to b@ Our@ tho ●quipmmnt is working ●nd thct Q-l!vcnts
from ttto cotmocutiva physical ●v~ntm did not cat mixad.

Next , the A\~alvzer will apply various cuts to the data
and, if the event passes these cuts, the data will be
recorded on magt,etic tape. bn thti basis of other cuts,
various segments of the data will be histogrammed. This
process is handled throuRh the Q Histogram pfanauer]q
which is set up at the start of the run from tables
associated with the User Request Manager.

In addition to the immediate processing performed
by the Analyzer, there is subsequent processing by prG-
grams operating at a lower priority. These programs
process data acquired from the Analyzer. TrI effect this
transfer, a mechaniam had to be found to pass data from
a higher priority program (the Analyzer) to a lower
priority pro~ram, e.g., a display prcgram. The m~[ha-
niam adopted waa one developed by Wayne Kinnison.
The mechanism sets up several data areas within the
Analyzer during initialization of the avscem. When a
program requires data from one of these arees, it issues
a request via the RSX Executive to the Data Manacer and
then suspends execution. The Data Manager has to wait
until the Analyzer ia not runninx before it can get
control. Its first action is trr disable the Analyzer
to be sure no interruptiona occur durinR the transfer.
Then it tranafers the data, issues a Resume to the
requesting program, and reenables the Anelyzer. This
mechaniam ensures that data from successive physical
events do not get mixed. It also minimizes any con-
flict with the Analyzer, i.e., at worst, the Analyzer
is delayed briefly while the Data Manager is trnns-
ferri.]g datr,

The pro~rams in the lower right quadrant of the
drawing are typical of the eecondary pror(:esing that
can take place. They are a?t:vated by the ●xperimenter
as required. If they have te paaa data amonR them-
selves, they uae the mechanisms of RSX-llD, e.u,, YsD!l,
or a Mail Box handler developed at LSfPF for passinc
large blocks of data in a non-interferring way.

Finally, there ia ● class of taaks in the upper

right quadrant which makes uae of ● special CA!!C hand-
ler, CC, to issue control inatruc?ions or I,cquire data
via non-tbrelatad codes in the MED. For ●xample, the
stabilization histogram from the LSI ●re acquired
through this port rath?r than the Q Link, These opera-
t$..ns ●re generally i~itiated bv th~ experimenter rather
than by some triR,?er,

Teat Resulte

During tha run in April, we had the opportunity to
tact certaiw faceta of tht ●vstam ahowtl in Fig. 3, ma!n-
ly those dealing with the 1S1 and the ACC, Afttr nome
initial difficulties, we were ●ble to ●rquire data from
a collection of 49 crystals alon~ with data from acin-

tillators and other dcvicea. Of particular interest
were mcasuremento of the time to handlt stabilization
●vanta ●nd to read out the crystal data, These times
indicate that stabilization ●vents can be handled in
l~ta than 8 ms ●n required ●nd that ●cquisition times
for rare decays can b~ kept under 16 ma (2 beam pulaern).
By makinu the readout of the ADC more efficient and hv
optimizing tha coding in the LSI, it appear$ ●ntirelv
feaaible to meet tho timing raquirumanta. Furthtr tests
are schtidulad for July ●nd August; however, equipment

for the full four quadranta haa been ordered ●lready.
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